Magnetization transfer (MT) techniques provide tissue contrast which depends mainly on the concentration of macromolecules. The magnetization transfer phenomenon is determined by the restricted macromolecular protons and is quantified by the magnetization transfer ratio (MTR). Since many macromolecular structures are implicated in the secretory activity of the pituitary gland, this imaging technique has recently been used for the study of the normal adenohypophysis and the pre-operative and post-operative evaluation of pituitary adenomas. Significant changes of the MTR with age occur in normal subjects. In patients with hyperprolactinemia, the MTR of prolactin-secreting tumors is higher and that of the non secreting adenomas is lower compared to the MTR values of the normal pituitary gland of age and sex matched controls. In some patients operated on for growth hormone adenomas, although classic MR images were negative for residual tumor, increased MTR values were highly suggestive of persistence of adenoma tissue, in agreement with biochemical findings of persisting secretory activity. These data suggest that MT techniques might be an additional useful tool in the assessment of pituitary gland disorders.
INTRODUCTION
Magnetic Resonance Imaging (MRI), using T2 and T1 (plain and contrast enhanced) weighted sequences, is the modality of choice for imaging of the hypothalamo-pituitary region 1 . The signal characteristics of the normal pituitary gland and its size as a function of age are well established by MR studies. Detectability of pituitary gland lesions is based on differences in signal characteristics between the normal pituitary tissue and the lesion. Pituitary adenomas are well depicted in T1 and T2 weighted images; nevertheless, the secretory activity of these lesions cannot be evaluated using these classic MR sequences. .or this reason, classic MR sequences cannot differentiate secreting from non-secreting adenomas, which is crucial especially in hyperprolactinemias [2] [3] [4] . Another important limitation of the classic MR protocols is that, in some cases after surgery for secretory adenomas, the MRI does not depict residual tumor although endocrine tests suggest continuing secretory activity.
Magnetization transfer imaging has recently been used for the study of the normal adenohypophysis and the pre-operative and post-operative evaluation of pituitary adenomas [5] [6] [7] . Magnetization transfer (MT) techniques offer a different image contrast than T1 and T2 imaging. In the classic MR sequences, tissue contrast depends mainly on the presence of free water protons, while in MT images tissue signal is determined by the restricted macromolecular protons [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The latter, due to their very short T2 (<200 microsecond), are invisible on standard MR sequences 15 . However, there is a continuous exchange of energy between the pool of free water protons and that of the macromolecular protons. Therefore, saturation of the macromolecular protons accomplished by specific pre-pulses (on-or off-resonance) can be transferred to the pool of free water protons and influence image contrast 9 . MR sequences free from T1 and T2 contrast, namely proton density images, are the most suitable for magnetization transfer imaging. Tissues containing macromolecules transfer magnetization more efficiently and appear with low signal on MT images (.igure 1). In contrast, tissues poor in macromolecular structures exhibit higher signal on MT images. The magnetization transfer phenomenon can be quantified using two interleaved proton density sequences, one without and the other with the magnetization transfer pre-pulse (.igure 1). The magnetization transfer ratio (MTR) is defined as: MTR=(1-Ms/ Mo)x100%, where Ms refers to the signal intensity from the image acquired with the application of the MT prepulse and Mo the signal intensity from the image without the MT prepulse. The MTR of a tissue is determined by the concentration of macromolecules and the efficacy of interaction between the restricted and the free pool of protons 15, 16 .
Peptide hormones produced by the pituitary gland, although macromolecules (molecular weight of 20000-30000 Da), do not transfer the magnetization efficiently 17, 19 . However, the synthesis and secretion of hormones is a process implicating intracellular membranous structures consisting of macromolecules. The rough endoplasmic reticulum (RER) is the largest membrane in a eukaryotic cell and consists of a network of interconnected closed membrane vesicles 20 . The RER synthesizes a number of membrane and organelle proteins and virtually all peptides secreted from the cell 20, 21 . It has been demonstrated by electron microscopy that an increase in the peptide synthetic activity of a cell is associated with an increase of the RER 22, 23 . Therefore, an increase in secretory activity of the adenohypophysis is characterized by a more prominent RER. Changes in this membranous structure, consisting of macromolecules, may influence the MTR of the pituitary gland.
MAGNETIZATION TRANS.ER IMAGING O. THE NORMAL PITUITARY GLAND
Since the biosynthetic activity of the adenohypophyseal cells changes with age, it might influence the degree to which the gland transfers magnetization. Using a 3D gradient echo sequence (32/8/8 repetition time/echo time/flip angle), we have previously investigated the MTR of the normal pituitary gland in 117 subjects (56 males and 61 females) aged 7 months to 77 years 5 . Up to puberty there was an increase of the MTR in both sexes. After the age of 20 years a progressive decrease occurred, probably reflecting the declining pituitary secretory activity 24 . However, women aged 50-59 years exhibited an increase of MTR. This was probably due to the significant increase of LH and .SH, as the secretion of these hormones is no longer restrained by the gonadal hormones. No parallel increase was observed in men aged 50-59 years, probably because ageing in men is not generally associated with a dramatic decrease in gonadal function 25 . This study provided normal values of the MTR of the pituitary gland. Moreover, changes of MTR with age may suggest that this method might be an additional useful tool for the assessment of the pituitary secretory activity.
MAGNETIZATION TRANS.ER IMAGING O. ADENOMAS
A frequent cause of hyperprolactinemia is pituitary adenomas. Prolactinomas may cause substantial elevations in plasma prolactin levels. However, in some cases the cause of hyperprolactinemia is not a prolactin-secreting adenoma but a non-secreting adenoma of the pituitary gland. The differential diagnosis is important because treatment might be different in these two types of pituitary adenomas. In most cases of prolactinomas medical treatment is effective 2, 3 . Conversely, treatment of choice for non-secreting pituitary adenomas is mainly surgical 4 . The differential diagnosis is sometimes difficult as biochemical and classic imaging methods cannot differentiate accurately between these two conditions 26, 27 . The basal prolactin levels may distinguish prolactinomas from nonsecreting adenomas only when they are very high. The .igure 1. 50 year-old men with non-secreting adenoma of the pituitary gland: A) spin echo-T1 weighted plain coronal scan shows a mass of intermediate signal intensity extending from the sella turcica up to the level of the optic chiasm; B) after intravenous contrast injection (Gd-DTPA), the lesion shows a heterogeneous enhancement; C) proton density coronal scan before; and D) after the application of the magnetization transfer prepulse, the mass exhibits a lower signal in (D) suggesting the presence of macromolecules.
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A stimulation of prolactin with TRH might help in the differential diagnosis but often atypical responses occur.
The RER is more prominent in secreting pituitary adenoma cells and, therefore, capable of more effect affecting MTR 6, 28 . Thus, differences in MTR may exist between secreting and non-secreting adenomas. Recently it was shown that the MTR of prolactin-secreting tumors was significantly higher compared to normal pituitary of age and sex matched controls.
Moreover, the MTR values of non-secreting adenomas were lower compared to those of normal pituitary of age and sex matched controls 7 . These data suggest that the use of this novel technique might be of value in the differential diagnosis of hyperprolactinemia.
This technique was also used for the post-operative assessment of growth hormone-secreting adenomas 6 . In two patients presented with typical signs and symptoms of acromegaly, a complete endocrine investigation confirmed the diagnosis. The MR examination of the pituitary gland demonstrated a rightsided macroadenoma in the first patient and a leftsided macroadenoma in the second. The MR protocol consisted of spin-echo, T1 weighted, plain and contrast enhanced, sagittal and coronal scans. Trans-sphenoidal surgical procedure was the only treatment that the patients received. Post-operatively there was no suppression of GH during an OGTT and the serum IG.-I remained high. These results were indicative of persisting secretory activity suggestive of residual adenoma 29 . A postoperative MR, using the classic protocol, did not show any sign of residual adenoma. Additionally, the MTR was measured on the right and left side of the gland. A 3D gradient echo sequence (32/8/6 repetition time/echo time/flip angle) was used to obtain concurrently coronal scans without and with magnetization transfer. In the first patient the MTR of the right side of the pituitary gland was considerably higher than the MTR of the left side (58% vs 48.9%). In the second patient the MTR of the left side was higher than the MTR of the right side (58.6% vs 46%). The higher MTRs on the one side of the gland may suggest persistence of secretory adenoma cells, which is in accordance with the endocrine tests.
These data suggest that the magnetization transfer technique may be used as an additional tool for the postoperative assessment and follow-up of patients with pituitary adenomas, especially when classic MR protocol does not show any sign of residual adenoma.
.UTURE PROSPECTS
Magnetization transfer imaging of the pituitary gland might be interesting in the investigation of pituitary insufficiency. Moreover, this technique may, in the future be used as an additional tool in the study of pituitary adenomas before and after treatment. .inally, it might be useful for the evaluation of other pituitary gland disorders such as precocious puberty.
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